Over the years of rigorous of military service, military personnel may experience cervical spondylosis and radiculopathy. Given the frequency of this occurrence, the capacity to return to unrestricted full duty in the military after anterior cervical discectomy and fusion (ACDF) is worthy of analysis. OBJECTIVE: To identify the rate of return to full, unrestricted active duty after single and 2-level anterior cervical discectomy, and fusion surgery in military personnel. METHODS: A retrospective chart review was performed at a tertiary care military treatment facility for all active duty personnel who underwent a single or 2-level ACDF over a 4-yr period. Patient and procedural data were collected to include single or 2-level fusion, indication for surgery, fusion level, tobacco use, age, and military rank. Fischer's Exact and Wilcoxon Rank Sum tests were used to identify statistically significant differences in the rate of return to active duty. RESULTS: A total of 132 anterior cervical discectomy and fusions were analyzed. One hundred sixteen patients (88%) were able to return to unrestricted full active duty, while the remaining 16 required separation from the military for continued pain or disability. The return to active duty rate was significantly higher in service members with a rank of E7 or above (99%) than those E6 and below (73%). There was a strong association between the presence of a pseudoarthrosis and the capacity to return to full duty (P = .013). CONCLUSION: Both single and 2-level ACDFs have high overall success with an 88% rate of return to full duty.
A
nterior cervical discectomy and fusion (ACDF) represents the gold standard for the management of cervical spondylosis with radiculopathy secondary to disc herniations. Given the physically demanding nature of active military duty, it is not surprising that service members over time commonly develop symptomatic cervical radiculopathy refractory to exhaustive nonoperative measures. Symptomatic axial neck pain, radiculopathy, and/or myelopathy from degenerative cervical disc disease may preclude service members from performing their military occupational specialty (MOS), especially in combat or special operation units. Those service members who fail nonoperative management may be candidates for surgical intervention to expedite their return to unrestricted full duty. Multiple outcome studies have demonstrated the efficacy of this procedure in different civilian populations. [1] [2] [3] [4] [5] However, given the rigorous demands of the military, it would be difficult to correlate these civilian studies with individuals who have to return to active military duty. Moreover, few studies have explored return-to-work rates following ACDF in a relatively young, active population. 6 To our knowledge, no large series has documentedthe efficacy of ACDF with regards to returning a service member to unrestricted full duty in the military. In the current report, the authors reviewed their experience in the management of cervical disc disease with either a single or 2-level ACDF at a single military treatment facility (MTF) over the last 4 yr. That particular period was chosen as it corresponded with the time in service for 2 of the authors. The central outcome measure was return to unrestricted full duty. Similar to the military lumbar interbody fusion study reported from the same institution, the authors wished to establish a rate of return to active duty to determine the efficacy of this procedure in the military. 7 The authors then examined those variables that correlated with a successful outcome. The results of this cervical study were then compared to the results of the published military lumbar fusion data to further examine the differences in lumbar and cervical surgical outcomes in the military. Collectively, these results may contribute to further the understanding of the operative management of cervical and lumbar surgery in the military.
METHODS

Patient Population
Following Institutional Review Board approval at a tertiary care MTF, the medical records were searched for all active-duty patients who underwent a single or 2-level ACDF during a 4-yr period, which coincided with the time 2 of the senior authors (LMT and WMG) were stationed at the MTF. A retrospective chart review was then performed on all patients who did not have any excluding criteria. Consent of patients was not required due to the retrospective, deidentified nature of data collection, meeting the federal requirements for expedited review. Patients who underwent arthroplasty, had more than 2-level surgery, revision surgery, were retired, and those who underwent surgery for a tumor or an infection in the spine were excluded before the statistical analysis ( Figure 1 ).
Demographic data recorded included age, gender, military rank (officer or enlisted), and tobacco use. Procedure variables included indication for surgery, fusion level(s), estimated blood loss (EBL), length of hospital stay, and complications. Postoperative data included the subsequent surgeries and ability to resume full, unrestricted active duty (Table 1) .
Preoperative Care
All patients underwent a period of conservative management including duty limitation, physical therapy, pain evaluation, and anti-inflammatory or analgesic therapy. Conservative management was at the discretion of the surgeon. Patients who presented with profound weakness, ie, 3/5 strength or myelopathy, were not sent for injection therapy or physical therapy, but rather, were expedited for surgery. Patients with radiculopathy without a motor deficit underwent a trial of physical therapy and a selective nerve root block or cervical epidurals. Absence of improvement over the span of 6 to 12 wk prompted consideration for surgical intervention. Limited duty is assigned to patients immediately before and after surgery. Patients must return to full duty within 12 mo after starting limited duty or begin the process for separation from the military.
Diagnostic Imaging
All patients underwent preoperative imaging consisting of anteriorposterior, lateral, flexion, and extension cervical spine radiographs, and magnetic resonance imaging. Documented findings included herniated nucleus pulposus, spondylotic changes, compressed nerve root or spinal cord, or other anatomic changes responsive to surgical treatment. 
Surgical Technique
A Smith-Robinson approach to the cervical spine was used to access the disc space. A total discectomy was then performed, posterior osteophytes removed, and the posterior longitudinal ligament divided and resected. After completion of the decompression, iliac crest autograft, cortical allograft, cortical-cancellous allograft, or a (polyetheretherketone) PEEK spacer (Medtronic, plc, Dublin, Ireland) was used. Cervical plate fixation was then performed. There were no stand-alone devices in this series.
Postoperative Care
Routine anteroposterior and lateral cervical radiographs were obtained from patients 4 to 6 wk after surgery and then again at 12 to 24 wk after surgery. Flexion/extension radiographs were obtained between 12 and 24 wk to assess the motion of the spinous processes. A staff neurosurgeon assessed fusion status based on anteroposterior, lateral, and flexion-extension radiographs. The criteria for fusion comprised bridging bony trabeculae within the interbody space and the absence of greater than 2 mm of motion of the spinous processes on flexion-extension radiographs. Computed tomography was performed when fusion was in question or at 6 mo, as determined by the attending surgeon. Those patients who did not have evidence of bridging bone across the interspace or incomplete radiographic studies were deemed indeterminate.
Patient fitness for return to unrestricted duty was evaluated 3 and 6 mo postsurgically. There is no prerequisite of radiographic fusion for return to unrestricted full duty unless required by a military instruction (aviators and aviation technicians require radiographic evidence of a fusion prior to returning to unrestricted full duty). The criteria for returning to full duty include an increase in functional mobility, radicular symptom resolution, and improvement in axial neck pain. Narcotic dependence of any kind excluded patients from returning to unrestricted duty.
Outcome Measure
A successful outcome was defined as improvement or maintenance of a neurological exam, without critical adverse events associated with the procedure, no requirement of additional surgery and return to full, unrestricted military service. An outcome of full return to duty required the patient to return to their previous occupational specialty and undergo semiannual physical fitness testing. The physical readiness test (PRT) or physical fitness test (PFT) is required for all active duty military persons in the Navy or Marine Corps, respectively. An unsuccessful outcome was defined as a worsened neurological exam, critical complication, the requirement of additional surgery, Physical Disability Board referral, or separation from the military.
Statistical Analysis
Backward stepwise logistic regression analysis was applied to evaluate variables collectively to provide optimal prediction of outcome. Variables were also assessed separately for their effect on the rate of return to active duty. Categorical variables such as sex, tobacco use, fusion level, fusion status, single or 2-level procedure, and indication for surgery, and military rank (Table 2) were tested for their association with return to active duty using Fisher's exact test (Table 2) . Continuous variables including age, EBL, and length of hospital stay were tested for their association with return to full duty using the Wilcoxon rank-sum test (Table 3) . Descriptive statistics were tabulated including numbers and percentages for categorical variables and means and standard deviations of continuous variables to compare patients with a successful return to duty to those requiring a medical disability referral. With regard to the statistical analysis of military rank, the authors separated the patient cohort into 2 groups of E6 or lower rank and E7 or higher rank. The rationale for that division was based on the investment an individual has in the military. The rank of E7 (Sergeant First Class in the Marine Corps and Chief Petty Officer in the Navy) represents the senior noncommissioned officers. These senior noncommissioned officers have 10 yr or more of service, and their rank provides them with increasing levels of responsibility and greater levels of respect and deference from the military community. Achieving the rank of E7 corresponds to a high likelihood that the individual will complete 20 yr of service.
RESULTS
A total of 135 1-and 2-level ACDFs were performed by 11 surgeons over the study period. Of these, 132 patients (124 men and 8 women) met the inclusion criteria. Three patients were excluded because the ACDF was a revision surgery. The average age at the time of surgery was 38.2 yr (range: 21-57 yr; Table 1 ).
The majority of surgeries (84.8%) were performed for radiculopathy with or without cervical spondylosis. Of these 66 cases were performed purely for radiculopathy secondary to a herniated nucleus pulposus, with the remaining patients undergoing surgery for spondylosis with radiculopathy (35 patients), or myelopathy (17). The remaining 3 (2.3%) patients underwent ACDF for intervertebral joint instability after trauma ( Table 1 ). The most common segment for single-level fusion was C5-6 (46.4%) and C6-7 (44.3%), while the most common segments for 2-level fusions were C5-6 and C6-7 (65.7%; Table 4 ). Operating room time was defined the time the patient entered the operating room, underwent surgery, and then left the operating room. The precise time of surgery from incision to close was outside of the data collected by the operating room metrics. The average operating room time was 3 h 3 min (1 h 33 min-5 h 45 min). Average EBL was 37 mL (5-100 mL; Table 3 ). The distribution of rank showed that 56 (42.4%) of patients were below E7 and 76 (57.6%) were ranked E7 or higher. One hundred three (78.0%) patients were nonsmokers, whereas 29 (22.0%) were smokers.
One hundred sixteen (87.9%) were able to return to unrestricted full active duty. The time to return to unrestricted full duty was an average of 15.2 wk (8-30 wk). Because 3 of these patients required additional surgery before returning to full duty, the overall success rate was 85.6%. The remaining 16 patients (12.1%) were separated from the military ( Table 5 ). The rate of return to unrestricted duty was substantially higher in patients ranking E7 and higher (P < .001). Seventy-five (98.7%) of the 76 patients with the rank of E7 returned to active service, while only 41 (73.2%) of 56 patients with a rank less than E7 returned to active duty (Figure 2) . The mean duration of follow-up was 14.2 mo (3-47 mo).
Among the 132 patients in this study, there was a reoperation rate of 3%. Two patients ultimately required revision surgery for symptomatic pseudarthrosis, and 2 required a posterior cervical foraminotomy for persistent radicular symptoms. As part of the long-term follow-up, 2 were identified who required additional surgery for the adjacent level disease at 36 and 47 mo after their initial surgery. Both of these patients had returned to full 
FIGURE 2. Bar graph demonstrating the statistically significant difference in the rate of return to full duty between E7 and above and E6 and below. Used with permission from Barrow Neurological Institute.
duty prior to this subsequent intervention. Ninety (93%) of the single-level and 32 (91%) of the 2-level ACDFs had radiographically documented fusions. There were 5 radiographically demonstrated pseudoarthroses and 5 indeterminate fusions. Three of the 5 patients with pseudoarthroses required separation from the military.
A subgroup analysis of the interbody grafts showed that 22 patients had PEEK spacers filled with morselized allograft, 97 patients had a cortical or cortical-cancellous allograft, and the remaining 13 patients had an iliac crest autograft. Of the patients who did not return to full duty, 2 patients had PEEK interbody spacers, 1 patient had a structural autograft, and the remaining 13 patients had cortical or cortical-cancellous allograft. Of the patients with pseudoarthrosis or indeterminate fusions, one patient had a PEEK interbody spacer, and the remaining patients had a cortical or cortical-cancellous allograft. There was no statistical significance regarding the type of interbody graft and return to full duty.
No statistically significant differences in the ability to return to full duty were found between single and 2-level fusions, the presence or absence of tobacco use, differing surgical indications, lengths of stay, amount of blood loss, operative time, and all remaining variables. There was a strong association between the presence of a pseudarthrosis and return to full duty (P = .013).
Long-Term Follow-up
The military physical readiness information management system is updated semiannually on all active duty personnel regardless of geographical location. The management system documents successful completion, failure, or waiver of the PRT/PFT. As mentioned above, part of the criteria for a successful outcome was the capacity to participate in the PRT/PFT as required by all service members twice a year. Although mean face-to-face follow-up was 14.2 mo (3-47 mo), this management system allowed for virtual follow-up of up to 8 yr for this study. Of the 116 service members that returned to active duty after single or two-level ACDF, 104 (89.7%) were identified as regularly participating in the PRT/PFT without the need for waivers at a minimum of 36 mo from the time of their initial surgery (range 36-96 mo; mean 54.8 mo). As mentioned above, 2 of these patients who had been returned to full duty required further surgery at the adjacent segment. Of the remaining 12 service members, 8 had waivers at some point during the followup period, but there is insufficient detail to determine whether the waiver was related to the cervical spine. The remaining 4 completed 20 yr of active duty and retired.
Logistic Regression Analysis
The backward stepwise logistic regression analysis model identified rank (P = .002) as the only predictor of return to active duty.
Complications
Complications included 3 episodes of transient recurrent laryngeal nerve injury that resolved without intervention. One patient who had undergone a C3-4 ACDF had persistent facial paresthesias that did not require further intervention. Of the 5 radiographically proven pseudoarthroses, 4 patients were symptomatic. Two patients went on to have a posterior instrumented fusion, while the other 2 elected not to have further surgery and withdrew from the military. Among the patients who underwent a posterior fusion, 1 returned to active duty while the other had to withdraw from the military. Two patients required a posterior cervical foraminotomy for persistent unilateral radiculopathy after their ACDF. Both of these patients returned to active duty (Table 6 ).
DISCUSSION
Spine surgeons would, for the most part, agree that successful outcomes in cervical fusion patients occur at a higher rate than in lumbar fusion patients. Therefore, it is no surprise to observe a stark contrast between the outcomes of anterior cervical fusions and lumbar interbody fusions in the military. 7 Eighty-eight percent of the patients in this cervical fusion series were able to return to active duty, whereas only 55% of lumbar fusion patients from the same institution were capable of returning to duty during the same period. In the lumbar fusion study, we identified statistically significant predictors of outcome and concluded that secondary gain in the junior enlisted ranks might have a negative influence, while age and higher rank among the senior enlisted and officers correlated with successful outcomes. For this study, the authors again reviewed the variables listed in Table 2 that were predictive of outcome in the military cervical fusion population. We then examined to what extent the predictors in the lumbar fusion study were manifest in this cervical fusion study.
ACDF and Return to Active Duty
A successful outcome in this study was defined as a maintained or improved neurological exam, no severe adverse event related to the procedure, no additional surgery required and return to full, unrestricted active duty military service. Although 116 (87.9%) returned to full duty, only 113 (85.6%) met all of the above criteria for a successful outcome.
For a service member to return to active duty following an ACDF, they must meet basic criteria set for by the Manual of the Medical Department as published by the US Navy Bureau of Medicine and Surgery. These criteria include the requirement to be symptom-free without dependence on narcotic medication. Criteria for the aviation community are even more stringent. For these service members, a radiographic fusion is required and a minimum of 6 mo must have transpired from the date of surgery. Also encompassed within the return to full, unrestricted active duty is the ability of the service member to return to their previous occupation and to successfully pass a PRT or PFT twice a year. The Navy PRT consists of 3 events: push-ups, situps, and a 1.5-mile run or 450-m swim (Figure 3) . The Marine Corps PFT consists of 3 events: pull-ups/flexed-arm hang or push-ups, sit-ups, and a 3-mile run (Figure 3 ). Both the Army and Air Force have equivalent physical tests (only 3 patients in this study were from the Army (n = 1) and Air Force (n = 2). An unsuccessful outcome was defined as any additional surgery, neurological injury, or separation from the military for symptoms related to the cervical spine.
The 88% of patients who returned to full duty shows that young, active patients who undergo ACDF for symptomatic cervical spine disease can return to physically demanding work in the military at an efficient rate. The vast majority were able to return to full military duties that include lifting and carrying heavy loads such as backpacks weighing up to 80 pounds, bending, and twisting to fulfill shipboard and aviation duties, and mandatory physical readiness testing. This finding is comparable to the experience reported in the literature, in particular, the return to work studies. 
Factors Influencing Outcome
Despite the high percentage of successful outcomes, analysis of the various parameters still allowed for identification of a statistically significant variable that was predictive of outcome: rank. Service members ranking E7 and above returned to full duty at a rate of 98.7%, while those E6 and below returned at a more modest rate of 73.2% (P < .001). A career military investment theory, postulated by the authors in the military lumbar interbody fusion study, may in part account for this difference. not reconcile the success identified among junior officers and specialized junior enlisted personnel, who have greater than a decade until they reach this milestone. It is also important to note that military members with higher rank also typically have less physical demanding MOS with increasing rank, which may be another contributor. Again, these 2 factors, while important, cannot alone account for the vast differences identified within the ranks. Therefore, there are intangible elements that must be accounted for to reconcile this difference.
As discussed in the military lumbar fusion study, the psychosocial components of serving in the military cannot be discounted or accurately quantified. Career satisfaction, unique employment opportunities, such as aviation and special operations, and patriotism collectively represent the elements of the military career investment theory discussed previously. The degree to which these factors contribute to the success of surgery is difficult to assess. In contrast, the presence of litigation and workman's compensation claims are factors that have been demonstrated to have adverse effects on outcomes in both cervical and lumbar spine procedures. 1, 6, 8, 10 The equivalent of these factors in the military is a medical disability rating, which corresponds with a monthly remuneration. This rating introduces the possibility of secondary gain. Nevertheless, the overall success in both groups in this study suggests that outcomes in cervical disc surgery are less dependent on the influence of a disability rating. The literature regarding secondary gain in cervical fusion patients has been ambivalent. 1, 8, 11 While the negative influence may be present, the data in the current report would suggest that these negative influences are dampened in cervical surgical outcomes compared to the lumbar fusion experience.
Goldberg and colleagues 8 compared outcomes of cervical discectomy and fusion in workman's compensation and nonworkman's compensation patients and noted the absence of a negative influence on outcomes in the workman's compensation group. As a counter point, Anderson and colleagues, 1 in their review of 488 cervical fusion patients, demonstrated that involvement in litigation was a negative predictor of outcome. Perhaps the study that is most relevant to our review is that of Kaptain and colleagues, 11 who reviewed their experience of both lumbar and cervical surgery in the military. These authors observed an absence of secondary gain in cervical disc surgery. Similar to our current study, they concluded that the position and the duration of an individual's military career were significant factors in the outcome of cervical surgery, but economic forms of secondary gain were not. In this current study, the incentive to obtain a disability appears to be muted given the high rate of return to full duty, but the positive influence of rank remains.
Pseudoarthrosis and Outcome
A correlation between fusion and outcome has been previously established. 12 In their review of the natural history of anterior cervical pseudoarthrosis, Phillips and colleagues 12 reported that a pseudoarthrosis was associated a poor clinical outcome. In the present study, there was a strong correlation between pseudoarthrosis and the capacity to return to full duty (P = .013). Five patients in our series had radiographically proven pseudoarthroses. Three of the patients (19% of those that separated) required separation from the military because of persistent symptoms. One of these patients, despite a posterior stabilization and eventual fusion, still required separation. The fourth patient underwent a posterior stabilization and was then able to return to active duty. The fifth patient returned to active duty and remained asymptomatic.
Surprisingly, despite having 29 active tobacco users in this study, 3 of whom would have pseudoarthrosis, the Fisher exact test examining smoking and return to full duty had a nonsignificant P value of .118 ( Table 2 ).
Limitations
The absence of a validated outcome measure, its retrospective nature, and the multiple surgeons are the inherent limitations of this study. When this study was conducted, no data regarding Neck Disability Indices, SF-36, or visual analog scores were routinely collected from patients. At the same time, as discussed in the lumbar fusion study, while the ability to return to active duty is not a validated outcome measure, no other validated outcome measure requires more from a postoperative patient than fully active military duty.
CONCLUSION
The results of this study demonstrate that both single and 2-level ACDFs have high overall success (88% rate of return to full duty). Similar to lumbar fusion outcomes in the military, there is a statistically significant difference identified within the rank structure. Although present, this difference is substantially less than what was identified in the lumbar study. Outcomes in cervical fusion surgery in the military personnel still appear linked to rank, but economic gain in the form of monetary compensation has a much lesser degree of influence than in lumbar fusions.
Perhaps the most important element of this study resides in the preoperative counseling of the active duty service member who presents with cervical spondylosis and radiculopathy. That service member understandably expresses concern to their military surgeon that their military careers may be in jeopardy with surgical intervention. The data from this report has the capacity not only to allay those concerns but assure the service member a high likelihood of return to unrestricted active duty and the completion of a 20-yr career.
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